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Abstract of JP10284733 

PROBLEM-TO BE-SOLVED: To-provide an IGBT(insulated 
gate bipolar transistor), wliich can be manufactured and has 
low on-reslstance, proper switching characteristic (e.g., quick 
switching time, minimum switching loss and the like), low 
leakage current, high channel density and the like. 
SOLUTION: An IGBT includes a collector 33, which is 
arranged on the surface of a substrate 31 , and a doped 
structure 35, which is arranged on another surface 32 of the 
substrate and has an embedded region 36 therein. The 
embedded region determines a drift region 40 in the doped 
structure, extending In the longitudinal direction from the 
substrate and further determines a doped region 41 . which is 
linked to the drift region adjacent to a surface 37 having the 
doped structure. An emitter 45 is linked to the doped region 
and arranged on the doped structure. An insulating layer 50 is . 
arranged on the doped structure, together with a metal gate 
55 that is arranged on the layer 50, extending in the lateral 
direction in proximity with a metallic layer 55 operating as a 
control terminal and determines a conducting channel 56. 
which is linked to the drift region and the emitter. The 
substrate and the embedded region have the same 
conductivity and are reverse to the doped structure. A bipolar 
transistor 34 is formed between the substrate and the 
embedded region. 
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[^jEK] I GB T{i»I (31) cDmM±izmw^ti 
tz-rnv^^ (3 3) i:a*S©{1ii©«® (3 2) ±tcffia 

•^fifz-^(D^\zmjL^mi$, (3 6) <&*-r5 
3ffi*^^ K-T'ipjgcf'© K y vmm ( 4 o ) Sria^ 

(3 7) fcBligEl-S K-T-'SJai (4 1) &Ilj^t-So ^ 

(4 5) «iK-7-«^h^3iLT K-7"«3g±tc 
IBg^tvSo *6i^Ji (5 0) {i^0D±{ci£B$n?.^a 

-y-h (5 5) ii^^tc K-riS3i±f-iHM^n. um^ 

h^:®:feJ;Ih*Ji^ -yiJ'ta®1-^eai5^^;^^;i' (5 6) 

(3 4) ^mmt?>. 
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0) T-feoTs 

micomm (3 2) 4b'j;ufs?>tffl!j©«®s#-rs^i2S 

«M^fii^fci|iji*fli:»« (3 1) T-ife^Ts mif3S?*ffl9 
®^®±t:Ea$nfcll l©a^iE^-^::^;^ (3 3) «r 

^cD4'{CiEE$nfc^l2»SS^ilx.fc:S3i«l*^ffi^ (3 
6) S*ir2>^23SlSS*«i^&b--7'«|3§ (3 5) X' 
feoT> ItH-r^^jg (3 5) ttfulBSIS (3 1) cD^ 
ICD^® (3 2) ±{Ci2g$n^L'TmIiBaiS (3 1) 

(Dmi(Dmm (3 2) i:¥fT-eA-or^Pi$:feitt,tLta 

a (3 7) Srll^U H5f3«ii«f*^^^ (3 6) {imifBK 

-rmm o 5) ff^fciEa^n-ctfiiests (3 i) ©ii 

1 (Dmm C3-2 ) ip ^M^SL A^otJJJSii:;^ H— 
(35) *(D h' U 7 (40) 48]^ b^ BuIBSa 

55»^ffi«4 (3 6) ttMlcgtJlB (3 5) tftcgas 

^nTB?II2KU7 hffi^ (4 0) f;*jlb*^-OBrif3H- 

ymm (35) 09513*® (37) nmmt^v-ym 

^(41) S:jB^-t-i>*>0. 

SMMU BufBa« (3 1) iSj^ZFwitiMTh^mM (3 
6) (3 4) $:®^-r2>J:d 

{c^ne>©s{ciaM$n5Hui3K— (35) ©- 

(3 0) 

BuIHK-rM:^ (4 1) JcJgffi-rSmiiB (3 
5) (fJO^ZaSaMom IfflSAffl:^ (4 6) hMmi 
(Dmx^m (4 6) :J3J;t;fHuiB«ii»«*^ffia8 (3 6) tzM 
3i-rsiul3K-:7'«ig (3 5) ±lcS2g$tLfcm^B53 
(4 8) hS:#^-C^^5l|2om^S^-5:)-;^ 

(45). 

;. mm v'-ymi$. ( 4 1 ) ±{c:«ifct>siuB3 K-r^it 
(3 5) (Dmm (3 7) ±tci3a$nfe*eii:ji (5 
0) . ^s^v^mn^h'—ymm (4 i) 

(5 6) ^m^-ti>XoiZmii^mm (5 0) ±tiEfi 
(5 5) T-feoT. mifBe^^^-V 
(5 6) i,tmi'iMm^—^±J\^ (5 5) Jcp^bT 
fil:S-|RltMSbiPOiijf3 K U 7 (4 0) 43J;t>*HU 

f3^1©^X«:^ (4 6) tca3i1-i.t©s 

Vi'X^J' (3 0) o 

[if 2 ] ') 3 >:^J— ^N'-f KiSgii:'^- b^N'-f ;K— 
(3 0) T-feoT, 

^1©*® (3 2) ts^z}^KMm<Dmm^m-r^mim 

mm^m^rz^m».&w. o i) r-feoT. mms.Mm 
<Dms±i^mm^tir:imi(Dmm-$'-s.i-j\^ (33) s 

fiBx-St)©. 

^©(ftiEg^iafc^lzlt^Scaii^!*^^*^ (3 6) ^ 
(3 5) T-fe-otv m:s^^^^i^^}Umm (3 5) (imj 
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IB»«i (31) ©^1 ©a® (32) ±{c:iaa^^v-? L 
Tmi83»ffi (3 1) ©^1©«B (3 2) ii^frT-fro 

rsm^^ift^tiTzmm (37) ^h^u. miiBsa^^^ 

3® (3 6) Itmti^i^il^^iy^Jmm (3 5) cf^fc^g 

$nTBu33S« (3 1) (Dmi<omM (32) *-e,3s?E 

Ui>-o«SSia^Huf3^l^^5'=3pi'-\';i/«ji (3 5) tf© 

KU7h^i^ (4 0) feH^u. mmmih^mwi. (3 

6) ttS(-Bul3J^t:-^':^->-\';i/«ji (3 5) ttJtclHa^ 
nTfulBKU 7 h^S^ (4 0) Ca3ib*»Omj|3:iii^^ 

10 ^i^^')\^mm. (3 5) ©fyi3«a (3 7) t3i§?g!-rs«i 
;^rSI^rMffibTv^5 K^r^J^ (4 i) ^la^-rst) 
©. 

?&Mfiib. Bfj33»« (3 1) *5<tirBu!3«ji5!ffR^ (3 

6) {i.'WTtf— ^ b7>-:^;^^ (3 4) ^iii^-ri.j;^ 
lc-^ne>©P^l3i3M$txl.mil3^t;<$':^ri^ + ;i/^3g (3 

5) ©-gp^^Sb. BtIi3i^U3>:)!3— >'W KMi^-y— 
h.'W^f-^ (3 0) . 
Htli3h--r'^:^ (4 1) {cail-r2,mif3^t:<5'^5^^;i/ 
mm (3 5) l3©^2aSmM©^l©?iA^:^ (4 6) 

20 tmmi ©aX««« (46) 43.fcI5B(ia3S3i^^<^«:^ ( 3 

6) tzmM-t^mii:3^\^^^'>'^jvmm. o 5) ±tciH 

a$fLfell^B<J3>^^ h (4 8) ^:*^^T•V^S^2 

®«««^-3.:^;i/ (4 5). 

mi&h'—ymM (4 1) ±5c1Sf::i)SBuiBJit:^^i'^ 

jumm. (3 5) ©«a (37) ±icji^fiK$nfcK{b'^43 

0) . 4^J;tJf$lJ»^J'-5.:^;^^ff^fi£biP•:^H^Jf3^--7•■S 
(4 1) (5 6) ^Bj^-rSi^J:: 

HuIBflSftJl (5 0) ±lCi5S$tlfe^JSji (5 5) T* 
30 feoT. BuI31S*5^ + ^;i' (5 6) (imif3S'J®i$'-^ :^ 

)vizmmi^xm:^\^izm&iyt>-^mmh' u ^ h^js (4 

0) :^^ummm2(Dm,m^-K-^ji' (45) tcaa-r 
s^i©. 

— h^W^K— ^ h^Vi^;^^ (3 0) o 

^1©*® (3 2) 4b'J:trS?^{l!)©a®SW-ri.^ l!it 

mm^m^tz^mi^mR (31) saw bA^omiiBs^ 

40 ^W©^®±K:||l©««£<5'-^:^;l/ (3 3) SrES-Ti. 

m 2a«imS^fiii*^o^©c|3{CiE®$fLfc^ 1 

m^tzMih^^mm (3 6) ^«-r§ h--r«3t (35) 

?£Ji^fi!cb*'J:y'B5i3aWS (3 1) ©^1©^® (3 2) 

±^3Hoi3h--r«ji (3 5) ^lE^bs mtmm o 

1) (Dm icomm (32) i:WT-*^-:>P^pg$:^(te.fL 
fe«® (3 7) SrfiixfcHyiBK-r^gJi (3 5) ^J^fR 
b. Hug3»« (3 1) ©§|1©*H (3 2) *»e,Mffib 

*^oa(fSig/fetui3 (35) c^)© K >; 7 bffl 

50 :^ (4 0) ^m^T^Ji'^izmmY-rmm. (3 5) 41 
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icm^mih^i^m (3 6) SIBSU -ebTHCSulBK 

Vyvmm(40) Jcailb*^omifBK-7-;K3g (3 

5) (Dmtmm (3 7) izmm-r?>Y-y^M (4 d 

<feili^1-SJ;di;Sul3K-7-«3t (3 5) ffJtcSijiBaii 
(3 6) SlBBb> Wiz/U^^-'y h^>i^:^'i> 
(3 4) §il^-rSJ:^t3HtIi3a3i^«M (3 6) iimJ 
teats (3 1) i:CDP^tiSM^nfemjBBK-7'«3g (3 

5) (D-^^^m^-cmmMTh^mw. oe) ^Eg-r 

mmv'-ymm (4 i) o lo 

5) ^(Dm2mm.m<Dmi(Dmxmm (4 6) ?&ttAb 

*'OBuSB^ 1 (4 6) 43ctt>-Buf3ajii«^^^^ 

(3 6) tCjgil-rsSSIB (3 5) ±CDS^B<J 

r3>^^h (4 8) &ffiSbtm2fflSSit^J'-^:?-;i/ 

(4 5) ^r^m-r^mm. 

Hui3H-7-«J^ (4 1) ±{c«&fc5Hyf3K-r«jg 
(3 5) ©«® (3 7) ±{c«gaji (5 0) ^iES-rs 

mm. is^zj^mtih'-rmm (4 d i^ice;^^^^;!/ 
(5 6) t:m^T^ ^oizmtimmm (5 o) ±{c$w 

(5 5) Srffiau miBSlJ^W^-5:^;^ (5 20 
5) CPjgbiPOiulBK'J:? (4 0) 43<tlffiJiB 

Il2®a«?itc5'-5::h;i/ (4 5) (Dmi'Sm 1 (D&.xmw, 
(4 6) t»iib-t<S;5iPit::misBfe2»5^+^;i/ (5 6) 

[0 0 0 1] 

^h^Vi';^^ (insulated gatebip 30 
olar t r ans i s t o r s : I GBT) *3<tt)^ 

[0 0 0 2] 

eSga^JKl, z-^^— t^-'^-Y;^ (power 
device) icMJi-rSfflife (60~2000V) 
Jc^bTtt. ^>Un>:&S^i:bfeSfc{±a{*i:bfc 
(silicon ba s ed) /'^y— MOSFET^ 
fc {± I G B T isffiffl $ n 5 o li5«ffi*5 J: yflS5S«^©tg:^3 
tcin;iTv ime>©7=^A'f ;^{i*fe^Bv^3^>^^!g (on 40 
— state) ©^:^7J1^ (power losse 
s) 43<tZ>-A$??fcX-i' >>^>^^!t$'l4 (^^J^t^^ g/^O;^ 
W<y5^></»*$-fii^fell5i^;^'f 5'5^>^/'5:if) ^^-^ 
i.'^tT-feS. bA^b:feAst,^ iT:in^>OS i7=^/'?-Y 

TV^;feV^„ ittt. Si©MOSFET (SiMOSFE 

T) tt$^'^\zAmji7.-( >y^>^iiti4§«-rs*s. 

EOfflj^lcJ^bTJi. ■^CD::t>3£Jn; (o n-r e s i s 
tance) < ?Se;5„ cn(i6 0 0~9 0 0 

VJ;i?/jN$V^ru-^y'i7>«JE (Vs) &(it^fc7=/N- 50 
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•i':^SiejSi:-rsffli^{c^b-C:e{ttc s i 6DM0 s F E 

TCDffi^§$lM-ri.o cm^CMbT. iSv^VB (6 0 0 
~2 0 0 0V) 4il^fe-7=/W:^{C?^tbT^^4). Si 
OIGBT (Si IGBT) {±#^(3 

(;giv^S^KSBS}c43{t5i£v^Jli;5■|Sl«ffi|^T) 

bTV^i)o biPb^*^e>s S iCD I GBTttiSiiligiSr® 

mm «4 0KHz) iznvxtufmmx-^. 

ya^icJiUffi 6<J^ffl^t3 i: o T S < 35: !3 ^ S T- 

tifeoTs 4-B©S ii^lJIilf (S i techno 
logy) tIj^V^■r{^S i©MO SFET (iSV^;^'f 
^><r. MOSy-bSW'&i:-) 43J:tJfS i©I GET 

(;g5v^VBOffl^^c*r•ri.igv^|lH;&[RImffil^T) cDJisa-^ 
[0 0 0 3] MiSi. ^^u—T^/^^ :^(Dmmf^Mi^xmt 

■^>f^*fcttS^UrJ>*wU K (s i 1 i con c 
arbiderSiC) ifi^(D:f<:§tjim^^§t, JSv^S^ 

TtTV^i.. S i CSrSiiiibfe (S i C base 
d) M0SFET*5J:VI GBT(i-ene.cDS i©^J«; 
^ (counterparts) J;t) feiP^fc t)E&#$tL 

^J^Ji, M0SFET*S9 0 0 VJ:»3^§v^yB&^l^ 
fc7^>''^'f :^*'i:>Si:t-Sffli^{3MbTfiefflT-#>5:VN S i 
X^ftJShttM'fc !3s SiCOMOSFET (S i C 
MOSFET) {±2 5 0 0 VST-CDffli^tMbT^^aT- 
2&2>i:^^^$nSo bA^b^fcA^e,. J; !31^v^VB©ffli^ 
(2500~5000V) C^bTtt. SiCCMOS 
FET®;t>ffiiatti«<'&t)-r^A^oS i C^S^i:b 
fe>'W3K-^7^^W^*5'tttg©W;^$:ii#tbitS«?)?,. W 
iZ. S i(DIGBTiS^Z^^-i V X-f'iZitmVXs Si 
C©lGBT(SiC IGBT) {iJ:»3/j\$>6;Ki;7 

•5o 

[ 0 0 0 4 ] SJE 5 :^P©M> S i Ca:^ft^»tS^^,^fc 
fc. ctve>c?)7=yN*'f :5<.{iS i CS*Sii:bfeMOSFE 

>^:^ t:- ^5J:tf]Sv'.i!;f^^st^tg^cMbT;^v^c 
Wa^cjgK^S^bTtfeo bA^b^Ase,^ zti^(Dy=^^ 
■^^.(Difti^ifi^ SJttiSfi-^nfcS i C^ftiSgiibfc 

ji«fi-2. looastt. ^:ne.©5^>'wx©^TASfejBtB<j 

*W 7& ^ t b® ^B^T- fe?>CIi:T"^2)c 'tie.® 

j;t)^W©7^/w;^®iS;it{iS i CJimiimizn^^x-h 
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[0 0 0 5] m^i£. -MieticMO SFET (doub 
le diffusion MOSFET:DMOSF 
ET) ttS iX*ft^|5^r43V^T«4»-|IISK:fflV^e.ni.^•? 
'7-M0SFET«3g® ^©i^ffiCDJgtt 

V^o DMOSFET{c:43V^T{iy-^®JfflI{±«l^|pI©« 

( i n V e r s i o n c h a nn e 1 ) ^■ilLT:^^ 

ffi«;i£SCX^S$15cDi«liP{Cit). DMOSFETa:Si 
CT-ttSSai-^g^V^. Sfcx DMOSFETt*5{t-5S 

te^-v ^;Ki y — ;^ y- h i: (D?Scd p a^«tt#*4±ic 

S i etc i:oTC^^{ilgv^B^m?t (high fix 
ed charge s) ^«i^fe^M^cfi5«©^{biKl:fe 

ibJgK:43(t'5C©M'i>{±5^^W>^®;t>JEin; (ON-r 
esistance) Sfi^UC.Wb^H^^. 
[0 0 0 6] 2^'J3>:;!3— H{r^-ri,ft^® (al 
t ernat ive) , «SfM«Jitt^ r^p-T^^^i^ 

— hS:<l^fci^U3>>b— /N*>f hVI"? — MOSFET 
(Silicon Carbide Power MO 
SFET with Floating FieldR 
ing and Floating Field PI 
at e) J tm^ixt^ol 9 9 3^8 M 3Bizmr^tl 
&> ikm<l^^m^5, 2 3 3, 2 1 5^T-M5^$n>fcU 
MOSFETT-$>i.o UMOSFET{c:43V'>T{iSte5=- 

os^-v^^^xm-m^n^o DMosFETiiisia 

UMOSFETtCiJV^T'fe^ 'y-h^^bi^JiBuJB© 

bfcF E T t^UTS&li'5;fflK®^'fb«3i:]gV^:^>-^t?i; 
i:^^bS, 

[0 0 0 7] DM0S*fc{iUM0SXSt^^$|5{c:*V^fc 

S iCOMOSFETSfeiilGBTtCii^^Tfe^fte®:;^ 

fctot. cItLe.©7^>'^-1':^■r-^i-y-^^'^b^^3:}3{t-2,« 

#tf|^SK:iSiVA:ii;-t-feS. *S^{c»^<W^{i. Si 
CCD MO ST^A'f :^{Ci5(tSli5?a©^'fb!fe)CD{i^'t4©ffi 
(concerns) (DtzMZ, ^'fb^{C:}3{t 

tts DMOSSfc&UMOSxSft^SicSl^feS i C© 
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I gbtt^^am ;^©J©-&{c^^bT^ 7=^w;^©tttg (r 

^tt^JS^^c J;oT^S$tiA>oS i C©*3t5©i|#'l4{c 
J± J: 5> *^^T-fe 5 ^ h ^igf s » 
[0 0 0 8] 

10 BTSW■r?>^i:{i::*;v^^c*^-r-fe?):^5a. 

[0 0 0 9] *^0^©EBgtt. Sfb<A^oafc#$fifcI 
G B T S Sl« r 5 c: t T- $) S . 

[0 0 10] 2|5:^W©ffe©Sfl5{±, ®VA3t->i£Jit. mjff 
^^1- >;/5^><ri^14. ^£V^•J-<!^«^K. 43<tWgV>5^-\' 
^;i'S5SS:(»^feff b < iP03ft:#$n:t I GB T:£ffi#fe 

[0 0 1 1] *^B^©Htcfte©@e5ii. y-b®^bii;K: 

©'I^- h^fbi^©{i«'t4©!S:3;^&^wr-5ff bv^ I GB 

[0 0 1 2] *^HJ®Stcffe©sa<]ii, i:^Un>Sfc{i 

n^*-/^-!- FSfcfiv^-rtiA^© 1 1 i-vMm^ 
. t-Sj^t- § 5. Sf b < A^oafe# $ n3t I G B T 5 

[0 0 13] 

30 ^i©ss*5j;tj's^{pji©a®s*-r5iiia»mM<&ci 

jLfci|i?9ff»K<£$5?(^. H?3BS^k*ffl!l©«B±l3KB$n 
fcH 1 ©SJS-5' — 5 i-fU (current termi 
nal) ^m^X^^^o ^2aSSM^i)S^feK-r«3g 
(doped s t r u c t u r e) (i-€-©'f'{ciag$ 
titzmimmmt:m^tzmiL^mm (.hnr ied r 

eg ion) ^m-r^^ofm^n^o mti\'—ymm. 

(iBul3^«©ll 1 ©*®±lrias^*x-^ bTmII2S*5© 
^l©S®i:¥fT-eA^oP^|JS<fe$>tt5>nfc (space 
d) mmt:m^ (def ine) fS. BugBaiif!*^^^ 
40 {itllfS K-r«iti*'{riEg^nTmifB»S©^ 1 ©^® 
*>e>Sffi (e X t e nd i n g) bA^oSulB^ 1 ©^® 
t(5{5Sit'5: K-r«iii4>© K 'J 7 hffi:^ (drift 
region) $:®^t-So milBajia^^i^J^fiHfciHy 

(communication) bi^o(li§3 K— t'^js 

(Drnmrnmizmm-r^ \'-ymm (doped reg 
ion) ^m^-r^o ttz. mtmjL^mm. mm& 

43J:l>*^n^©P^CiaM$tii.mII3H-7'fll3t©— 

50 ^j'— s::^;l/{ituI3 \'—ymM'px-t^-omfi Y-ymmz 
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Silt" ?>^l®ffiApS^ (imp 1 ant regio 
n) tm^ 1 ffl?±A^M{caiiLA^omJiB K-^-^jtcD 

i6WiS (insulating layer) {iSulB K 

tld^-oSiJgf ^ — S, rh;!/ ( c o n t r o 1 term in 
al) i,tmt'i\'-:^m^i^&^^^^Ji^ (condu 
ction channel) ^M^T^ X o fc: mflBSS 

(ad j acent) UA^obu 
IB K 'J 7 h cfclFSulB^ 2 CD«ii<J' - ^ 

[0 0 14] mIf3«a^«^^iv^<oA-CDM^i:S^^?^R§ 

izn^ (particles) ^^A-T^d ^tzit 

® 31 tr ^ =^r J/ ;i/ii±l3|| 2 ©31 ^ i> -\' ;i/Ji §r J^fig 

U ^UTH5i3^2CD3it:iJ'^i/'-\';i'ig±C^3CDaitr 

[0 0 15] lo©#^©^M}i$«i{c4oV^•r^imIg3B2 

©m^S^J'-^ :^;^!iB^r§3ll i ®ax^«6tia3if sll i 
»m^©^ 2 ©aA«^^$^T•^5 y) . ^51311 1 © 

aAfi^«±mil3l£2»f^-v^;i/^S*5=--\'^;i' (a ecu 
mu lation channel) izj^-:} < 5 <t -5 
Hul3Sg 2 ©^A«^*J<ttFHug3 K U 7 hffl«4®HtiEg 
$^^TV^:5„ •ffe©#^®HJS^^t-*3V'>T{iBti§3^ 2 © 
SAffl^tis Bui3^ 1 ©fiAMJ^tcJS® LA^oiulBISaS 

(invers ionchan 
n e 1 ) fcJB^ < ^ J; d K: Huf3?g 1 ©aAfflSjiS XXJ^mi 
13 K y 7 h«:^©P^{3i£S$nfcll 1 #SM®^ 2 ©^ 

A«J^4^^-ev^s. 

[0 0 161 

[^Ba©^ofj«] ittciai^#si-ri.h. #*6{b$ 

'Ja>-r-Ji5fi£$nfeP+ H-r (P+ doped) i|i 

mi*.ms. 1 1 i£$^T•v^5, ^s©jgAs«K 1 1 ©tsp 

*fc(imS5a±fc^»Sfe{i«^$n (deposit 
ed) A^o^»#^cj;oTi<^06>n^:^$^Sici^}x^- 

>i;;^^S' 1 OCfea)©:^^^^ 1 3T-$..5o NK— 

iti 5{±a^gi i®^ai 2±fciEB^n*^oi£tsc^^ 

(diffused r e g i o n) 1 6 AsSilSfcfi 
i^*Iql© (vertical) K >J 7 hffi^ 1 7 

1 8 itm^mm 1 6 ifi^ffim^ti. K^^-^^ 
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[0017] mmm 2 o « v— ;^ i a 43 j:T>-Mt!cMM 1 

((Dm) X' h''}7hmmi 7±t:«sfcto5. h 

2 i{iS2 o±i,zmm^fiiy''^Mos^—vti.xmi^ 

S^tvSo ^aS2 liiiffii^J12 0©1-<-T©S£t!c«i^ 
1 6 «t>©*»r3y— ;^ 1 8 i: K U 7 bffiJ^ 1 7 i:©S{3S£ 

10 <fl]e>ti-5.J:oi3nix<^<$' 1 3. 315. 1 g^b'J^O'-if 
— h2 l©^tcEPiD$tufe«#fC<t-pT®tJIlca£EAsjD 
^tt>^^fc^:t^ 1 Otioi? ^;<5^ 1 9^ y— 

;^ 1 8^ Mte5^^^;p2 2. K'; 7 hffli^i 7. 43J;tF 
aisi i*>?>:3 1 3^s^<&e2S^2., 
[0 0 18] DM0 smm^-v^^-cm-'7 h^>i^7; 

1 0®!|f^©fil3gtti^'j3>A->'^-f h- (S i C) X 
^Sffit: i: -pT®HiOT-tt3fe < . ^e-l?*c 1 8 0 0 'CJe; 
T(DmMlCMT?>S i Ct*3tti>N4b'J:LIfPMH— 
h©^^m{::/h?v>i£^^IS{cj:5. DMOSx^Sliitt 
20 Si C^;43V^Tg^JSaItg■r•H:feV^*»^>■r•feSo b^ys^ 
1 0<&^3ti-2.fc»®«;#®;5&{iN + v-x*5J; 
U^P-'<-X (P-base) ^^^•o< i,fc»(cl£t!c 
®f^t> !5 >aA<&ffl V^ 5 i: tc J: *)©T-fe 5 o 

^N^^XS id iC> iSfi#*^i£t!jli:® 1 6 i: K U 7 hM^^ 
1 7 i:©K©#® (P ^©3— :^—/'N- H U 7 
h«W®) ttt4)■fe:5^^tei^e2 0 K-7^iil 5 

3>*tS|s|-?^©D MO SJlfii^'y- ^— ^ h ^ >i?;^ 

-S^^^mn-^ (j3J:-eO. 2MV/cm) i:|^b<e> 

h^'fbiKll-i5tti.«;^¥F^«l^ (43J;^ 1 OMV/c 
m) tiTIilS. bA»U5&As&> i> U n 

K&aiii:b&DM0S«fii^'5'*-bA'f;}f-7 h^Vi? 

K©:rix-<><j^-i7>a#^;S (45i^3MV/cm) h 

^{i5~7MV/cmi:llC.< e,V^liSV^-t-fe?.d« y— 

40 htcii{t?.«#®-^® J:^'fe^v^^ii®feK), iSS^T® 
^<b^©«Si14«iS>-'j3>;i3-yW H (SiC) (c5>tu 

[0 0 19] mzm2^0m-r^h. mm<t-^titzmm 

3 0^EjS?bTV^i.o 3 0{4±a5^®3 2 
^(lx.fei|^af«:a«3 1 *^A/T-*5i3. ^1 
©S©««'t4T- K— T-^nfc^ v'U:3> (silico 

50 n) . j^'fb'ir'f ^Sfc{±exUzi>*--'t^' K (s i 1 i 
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con carbide) , t'fb>!J';'i7ASfc{i>t;'J'> 
A (gallium arsenide) > ^-fbry 
0 'i7A^fc^i:^^U'i'A:^'C h'p-i h' (gal 1 ium 
nitride) J&ifCia^t^^-mcDMtaJ&ifciifiJ 

(P-*-) ^^^5o ^gOJS 3 3 3 l©TaJ*fc{± 

S: h^ffM-rs J:^^!!^^^ 

5. :ICDII^E?f^^C43V^T{i. Ji3 3{i h^>>';<^ 3 
0©fe»CD:3i/^^^-5:^;i/*fea:*g8-r-feS. S3 

d h AS T- * A^o d (Df 3i!i«ia^ § §^ t -r ?. » ^ CD 

[0 0 2 0] ^(Dtpizmm^ntcMTL^i-w^s 6s«-r 

S K-r«3g 3 5 affi 3 1 (Dmm 3 2 ±tHES$n 
^bT««©^®3 2 i:WT-A^or^|iiS$,(t^tlfea 

® 3 7 ^is^-r aa^i^ffi:^ s e 3 1 ©«h 3 

hfflJ^4 05:ili^-r?, J;-5t:: K-r^ljg 3 Scft^iffim? 

W^CT^/'^'f ^i^S (b a s i c device phy 
sics) l::'^-oX-^^^firzyu—^ir^>mm^m 

7 h«:^4 0 iiaaUA^-:^ K-7-1«3t3 5 ©a® 3 7 
PSEI-S }f-ymM4 1 ?l:iij^-r^i-5ic F-r«3i3 
5fftCffie$tuS. «3i5^««3 6^:2 o® MIPS* felt 
?>*Xfcg|5^i: LTI12{C^t)tlTV^SAs, 
3 0«±^®{iraDe>t\.fcff^^ (c 1 o s ed form 

at i on) r-mm^ti. -t^t)-^mii^^mm3 6{±± 

Bia (top plan) {;:*3V^TRJ1^ ( c i r c u 
1 a r ) . W.m^ni'ik (race-track sha 
p e d ) V 4Et^ (serpentine) Jfe i:'T-a,t) 
^TO^©cto55;J^$^«S!5l5S^I5T•J;<«e>^^TV^ 

[0 0 2 1] Siii^i^ffl^S 6 itmms 1 b^S^f 

30i^t^©ll^EJ^5^{c^iv^T^i^ »K3 i{i;ps®#m 

S^^b^btv ^tli9)X.. Sa^^ffi:^3 6ttPS#« 

oT. atS3 1. h--7-«3i3 5*5J:l>'Sii^^«:^3 6 
ap-N-p^W^— 7 h^Vi?;:^^ 3 4*?^fiS;-r?.o 

[0 0 2 2] ^2©S«St^-^:^-;i/4 5{±K-rM:^4 
1 fcSiibT F-7°«3i3 5±tCiag$n^„ ^©KSE 
ff^^^C43V^T{i 3 0©^^ ^if^^—S^±)U 

T-feS^2©S^^J'-^:^;i/4 5{i. Il2©#safjg 
< H-T-^ns (N-^) «tS3 7{3|§?jgbfe?iXffi^ 

(implant area) 4 6 ^^^T•^■^?)<, 112 
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j®4 6*SJ:VaA«J^4 7fc:«^atJ{Cg^«4UTS® 3 7 
±tiSg$n*»o, ^SJ14 8i:aAM^4 6:feJ;V4 

[0 0 2 3] 5 0 AS K-r«^4 1 ±{C«fct)5 

i|#{c K-7fll5g3 5 0«®3 7±fciSS^n-S. -jia 
10 ffi^HS 0{iaAffi:^4 e©*"© (©P^®) mm3 

0{i«ffl3 7±K:i!ESUfe^Yb^*fcH:gYb^T-fe^. 
H-r«^4 l{in^^lS^4#3|B^T•ife50T•. ^®±{35g 
:Rbfe^{b!fel®K{±it^ei<]lc:M$f T-fe !3 A'o^S^Ttii 
^®T®«JN-'4'® @^«?=f (fixed charge 
s) tcP(gStt55:V^. ^JSJ15 5{i»5 0±(cMlf^ixA» 

20 onduction channel resista 

nee) ®fc46tc^^^;i/^^i43©«M*$W-r set: 

aA«J^4 6 i:©F^^>/*— hcJ'-' 

ril/i7^:}3j;t>-/;'— 5,:h;b©p^(;EriSn$^tX*: 

2^;:^^$' 3 Ott, ^935 7{c:J:oT*ti^n5J;-5 
^ 4 8®aA4 6 A^fe^ SIK5=-^;?^;i/5 6, K U 7 
bMM4 0, *3J;y;atg3 1 SitbTnl';^^^--:^ 
;i/3 3'N.«i^S1Sa»t--5o 

[0 0 2 4] S«^-V^;H GBT 3 0®i!;<mMOS 
y- h ©JfflJAsS^f^-^ 5 6 i&a bT6^ ^ i: 
^I^V^T{iiai®DMOS®IGBT 1 0 i:Hi:^if|sl 
«T-feSo W«5^-\'^;i/®^S/a(iHte5^-f ^;u®^l& 
jK<t?)4)2~3^iav^®f^ I GBT 3 0{±Stef^^^ 
40 ;i/MO SFET7='^^•'f ;^J;!3 %> i fJffiV^RoisrSr^-f- 
i.o Paa^^fMi^3 6®#S{±Btrmb^nfe*S#ffl 
:^A^&®AT-*t)$-nfc K 'J 7 hffi:^4 0 {C^Jtt S-iT'- 
b^gi^Jl 5 0®%^:&T'l' Vl^— 5^3 >Sr*|^^i,o I 
GBT 3 0 ^C^5V^T^i. D I MO S ^ f::{iUMO S;pag 

J15 0) ®{f$itt®rpgMtt^^ci^£$tis. Sic, I 

GBT 3 0®VB{iK'J y hmM4 OODM^iSXV'h'- 

trV^S'tCio-r^oiife^^^^nA^otifeoT. SiCT- 

ji^j^^ntz H 'J 7 hffl^®*K6<]t®tifci^tt®aa5fe 
50 ffiffitrqjigiz-rso 'y— b®T®^<b^©effi 
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IGBTi:iiMS^e<JT-fe5o NS^-\'^;i/«J^{c:i3{:tS 

(totalcharge) (c^Ki^ bT, 
-^';t.;H GBT 3 0{±y— vU (normally) - 

(v-i-<o) (Vt>0) ^ 

3 0' <Dffe©^^Eff^^sEIPL■r^^So laatcHSbT 
33iE^ |5l«T- s la 3 c 0^$ nfe^ 

fl5^©«fiKS«{^is]«{cs9{^(t$n*-or^^A (p 

rime) A^M^feSIUSBfii^^^-rfctot^l^T^IS*}; 
iD^e)^-^^*. h7>i'XiJ'3 0' {i±gB«®3 2' 
i: h^>i?;^:5' 3 0' a[)tz»><D-Di'i7'S'-{^—K-^)Vt.\^ 
•r;£g|5*fctt^a5®±t::fe«^n3t^«©Ji3 3' 
lii;tfc*^f*»K3 1' :&^^T-V^5o ^©'f'l^iaa? 
nfc«ji«^*^«^3 6' ^^S-rs h--7'«3t3 5' tt. s 
tR3 1' ffl«ii3 2' ±K:iBg$n^UT^S3 2' i: 
WT-iPOF^|Ji5fe(t?>ti,fea®3 7' ^Si^i-So ffi 

ii^^mm 3 6 it Y-^mm. s 5 - ft>^cg^M$^^^ k u ^ 

H-7-«5i3 5' ©a®3 7' izmm-t^Y-ymm4: 
1' ^is^-rso — )asc^ »i3 i^'Jlu^s i' . k— 
ymm3 5iixrf3 5' ■^i.xmi2<^m^3 6m.xf3 

5o ^fc. H;itl3ili^tifeJ:at::^ mK3 1' . K-T" 
^5^3 5' ii^ZJ^mi2^?^mm3 6' fiP-N-Pyt'i'* 

[0 0 2 6] m2<Dmm^ — KrjV4 5' H— 

4 1' ilSiibT K-7-«3g3 5' ±izmm.^ix^o C 
oilSEJi$«K:4oV>T(ih^>i^;^^' 3 0' ©3i*<v^J'^ 
— .^:^;i'T-fe5^2®mM^-^±;u4 5' It. mi<D 

it. ^2®«^^-2.-^;i/4 5' tt. «jiJ!*i^J^3 6' 
i: b--r:^3i3 5' ©SH3 7' i:©F^{r®au*^^a 
Affi^4 6' i;KU7h^^4 0' i:OP^t:ii>5Q:< i:*. 
gl5^B«]CiaM$nsaAffl:^4 7' I'ioT. Sjic^M 

^3 6' ic«^stjic*g-&$ni.. ^Ji4 8' it&xm 

^4 6' 43J:yfaA«^4 7' lc«^a«j{cSft!iUT|gS 
3 7' ±{cteS$n*^o. ^Ji4 8' i:aA««54 

6':feir;^4 7' tco?SiZ:t-Ky^-=il^'S'^ ht:mm 

[0 0 2 7] 5 0 ' }± Y-rmm4: i ' ±tci|fifc 

bSH^t K-7'«ji3 5' CD*®3 7' ±lCiBM$n 

?><. — JSStC, $61^8 5 0' it^^xmmi 6' CDcfJ© (© 

mo) mM3T ±izmzt>^. ^mv^^^mmMmizts 

V^T{±i^iSS5 0' tt«H3 7' ±{CJ5Si«bfc^^bi^$ 
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fcttS-fb^KlT-feSc ^MSS 5' *sjg5 0' ±izl^m^ 

5' {4«ffi3 7' {C|?!f«bfeaA««64 7' fftCSfe^^ 
■\'*;i/5 6' ^iS^-rSo Ste5^-v^;i/5 6' {ih'U^ 
h^:^4 0' i:ttA«:^4 6' t(D?SiZ^- h 

Mzm^vxm:^[^izm:&-r^o ji<^a^ti^miz:3^K 
^m.mzi.-^-t:mmizws.m^7Li^fifz)^%. igbt 

10 h^>S^;^^ 3 0' ii. ^EP5 7' T'^$tv5J;o{C> 
ct5>;'^'4 8' ©aA4 6' Stef^^;^;i/5 
6'. hffi^4 0' . i3J;i;faffi3 1' :£il-oT 

3 p ^ ^ ^ _ 3 3 ' tSiSt^e^-r s o 

[0 0 2 8] Ste-5^-\'^;H GBT3 0' ©®<^{±. M 
os-y— h$iJ®AsS«5=-^^;i/5 6' -^ilbT^bSC 
i:SfiS5V^T{4^ EI1©DM0S IGBT 1 Ottifcy^if 

i5i«-r-fe?.c paa^^^«j^3 6' ©?¥::SttB-e^s^ns 

iSml?•A^5>©AT-g^^$^^^ K U 7 hfflJ^4 0 ' f::4o(t5 
-y— hilSi^Ji 5 0 ' ©^^T&T'^'yix' — i'3>?£S|#t-^ 
20 5. I GET 3 0' {Ci5V^T{4^ DIMOSSfcttUM 
OS^jgi^ttSoT^ ?SS^*5J;t;f^?&T©y-h^fb 
% (*6iSJi5 0' ) ©{sffiltCPtSStt^^ic^S^ix 
So Mt-x IGBT3 0' OVsttKU^ h^jg54 0' 
©iP^^:fe <fc K — 1^ > <7 1:: J: ^ T -3 H ti*»o 

^^e-DT^ si cx-ji^m^n?. k u 7 YW$.o:>i^m.^izi^ 

nfciRFl4©gia;fe^ffl^Rltg{::-rs. c^i{4. -J^-h© 
T©^Ybi^©e«'ffi*ss i C{c:}3{t5S;*:W^m#^S^ 
;^b*r:>|^oT. bM:^©SB^t$nsVBJiiTtl 
S i C7=^^N-l'X©VB<£ffiiJ|51-rS. «e3l5fe^&©DMO S 

30 SfcttD IMOS I GBTi:^M99-t-fei.o Stef^-V* 
;i/IGBT3 0' tt-ISfc-fDVi?) btV^fttS 
H (threshold voltage:V-r)5:^ 
f S ct d t afti+$ V TT ttlSfe S H^© fl'-r- P - 
— ;^ffi;^© H— 1:>^, $fii^B5 0' ©iP5^(i., ^i:.V^ff 
-h^JRii5 5' ©tt^MiStiiibTfic^rs, Ste 
J1IGBT3 0' (is i/NV -^/^V— T^yt-f ;;^©-e 
tlhl^mtcMfLXbfc'y- hSiJfflItt« (gate con 
trol s p e c i f i c a t i o n) S i C© I 
GBT©SJ3§?£pJtg{ct-5o 

40 [0 0 2 9] 4^ia4~6{ca^^-ri:s Y'y-yVT.^ 3 
0^fctt3 0' {C:felti,Siia^*.a3 6^;t{43 6' 
it-rsfc®©— o©X^K:*5{t5V^ < ■^■tccDmi^-tf'mM 
$n-rv-'5o E2*JJ:tJf3tljo(ti> h-7>i^;:^^5' 3 OS 
fettSO' ©ffifiKS^i:|5];t«©«figS«{i7^^W^<feJt 

K-ri>©<&l&{ti.fc»fc(5)bt^^ (r^^ AJiffi^-fb© 

fc«){C=SBSb:fc) T-*t)$nS. 4^lcEi4^#M-r-2. 
±gi5^ffl3 2^^f 5. c:©fi?!l7?i4i'Uzi>*w>- 

Ym^m^^^mmmk 3 i A^a^t^tiipoa^n > 

9^7 b 3 3*5T^^a±{Cjf^fiS,$nSc »tS3 1 ttPaS 
50 mi4T*ji< (heavily) K— r$tiSo Nagmtt 
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X'm< (lightly) ^•-r^^^:fcit«?e<JiPv^rct^ 
(epitaxial layer) 35 

243 J;V3 C||JgUTfS5B?nfc K-r«}ig 3 5 

u*^o±gpRa 3 7 -^m^thc 
[0 0 3 0] msics^u-tt. mx-^:^^ i 0Asv^-r 
n3!)»o<t <»i?>nfc:&&T-^t:^^S'-V';i/Ji3 5cD^a 

;^ h S: b ti*> e, ^« s ^ 5=- > ^-r s fc » {c 

Ufp-^*5j;(ttt{s, ^n>{pe,aitr^dri^-v;i'J13 SfftC 
(particles) &SI< ^A-TSfci^O-v-;^ 
<^i:bTMffl^n> ^ixlzio Tflia«^*^jl 3 6 i^W^m^ 

[0 0 3 1] ^^^^©0!l^C*5V^Ttt. Siii^S 3 6 ©±35 
«CS«S®3 7®TlCi5J;^0 . 2/im*^?>0. 3/zm 
CDfEHiC$)tid^oTgl5^®(±^®3 7CDTiC^*<fc^0 . 
7//m*»e>l. 1 >ainCD®Hfz$>?>o S^^^*^® 3 

6 CDTSP^HJiaiS 3 1®*®3 2A»e,{i5/zin*^t>3 
5 yt/m®^ffl5Cfe;S.o '®F!)^-4oV^Tfill3i^^J13 6 § 

ff$fi)(,-ri>s^tts^nsgii$^;^-r^fc4?>{c 2 0 0 K 

eVA»e> 1 M e V©^iB©ni^;i/df-T- 5 E 1 5*^5.5 
E 1 ecDggST-aX^nS (^593 7 lT-«fc$nS) . 

7 0AS|^ife$n^o 

[0 0 3 2] 06{cg&;^1-i:. ffbV^7±Ax'^<5'7 2 
d^Su t I5l«l©lfeg*5 Jitry ^ ^ — > J; -D T 

7 2 ii. MTkHm 3 6 ®iagEe5C±®^J^ 7 3 2r|^V^ 

■r> *H3 7^^*:&®-5. m.^\tmmi 3<£:ilbT^ a 

Sii^^-S^SS 6*^?>3^t:^df>--\';b«3 5©« 
[8 3 7ST-}SffibTVNi,a< K-7'$n7£:P^|«'t4aA 
mM47^^m-t^. aA«^4 7oft$. *fc{i«l:? 

!plO^?£{iaAII:^4 7®ilJR$nfcffig{C'0<#b. 
oEl 2 SfcfiSl 3®||^fiffJ^®v^-r?^*^*5^jt$^^TV^ 
2)o M^{±5 E 1 5*^5,5 E 1 6®teH®^JS4oJ;Uf5 
0 K e V*=>e, 3 0 0 KeVCDl5HCD:ii^;i/di:— f43J:-e 
0. 3 /^mO|gH®S$l3?£A$tlS<. 

©m^e<];fegE^^ff$jE£-r 5 fc » ica#t $ n s o 

[0 0 3 3] 4-!117~9lci5£^-ri:. h^>i;x^3 
0Sfe{±30' (cjo{ti)aiifl^AJi3 6 ^fc{±3 6' ^g. 
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^^TV^5o E2:feJ:l|f3tCjo{t2) b5>i^;^^3 0*fe 

±a5«®3 2$;e-r^^2»«;s«3 i*sa#t$niPom 

iSr!>iJ'^7 b 3 3*sTgi5aB±CBf!E$n^, a«3 1 

$nfcmi©^i^i5'=^^i>'-^;i/ji3 5 a{ij;<^pt,n>feii: 

10 e©V^■rt^.A^S^lJfflbTa® 3 2±{C3Lt^^:^riy^;i.j5g 
fi$tLi>. :tt:^dri^-\,;i/g3 5 a{iEI2 43J;t>-3 tcK 

jibTiBiB^nfc K-r«^3 5©m 1 ©gp^&at) 

[0 0 3 4] EI8tCB^£^^i:, P+j|ESS-r-ig< K — 

7-$nfcB2©ait:<5':^-~>-^;i/ji3 5 bi&s<t<*pe,ns 
• xg®v^■m*=>*^|Jfll bt^ 1 ®3ihri'^2^-v;i/)S 3 5 

^ fe{±^Ji45 <t IF/'^^J' -:=. > y© J: a 'fev^-m*^© J: < 
^^n2)S^B-r-^fc:^:¥->'-\';i/J13 5 b©±g|5^®±{c: 
20 ?l5fi£$*r?)o 8 0{i^tli)»e>3it:<J'dri'-v 

;i/ji3 5 b<£3lb-rMP43i5/5^>^>'-ri)fei?)tcffiffl^ 
tL. KKPttg^t K U 7 h«:^4 OSiaj^-r-ST-afe^ 
»3©3it:c5':iri'^.;i/«3 5 c*s^ix*^e.Jl 3 5 b 
±t^ir S3iSl8PS•^^■^ 31 1:^ d^s^:\»;^CfigS$n 
S, 3^t^<5'^i>^;i/Ji 3 5 bttJtKe<]|pt,-> (0. 4xdm 
if^O. 9//m) ©T-. Jitr^'^f>'-\';i/jl3 5 bcfcDlB 

tttt. -fobigsSJfce.^ ftioatl'S: (additiona 

1) -T;^^4b'<tt;fiiPJci3tt2.fiKSI§Pg^fe{ix?i (g 
30 rowth St eise) X-it^^mmzmmx-^, ^ 
0^vxi'*SBS?*$n*»o^^& (complete) 

A^^4 643J:U'4 7tt:-tttA^e>B5{;igftB^$nfci^lc: 

[0 0 3 5] o~i 1 tasi^-rt^ h^>i;;^ 

^3 0Sfc{±3 0' t^ottSajifl^^^SS 6$fe{i3 6' 

^^^i•rsfe»©K^3flb©xgc43^t?>v^ < -QA^©igpg 

3 o*3j;tF3 0' <Dmm.sMiimn<Dmm.mntiy'^^-( 
40 x*5J;i;^:&ffi?:Jtg<^s©^iij{t?.fc&?)C|5]Di!f^ (r 
A{i^^'ft,©fcfeK:#B§bfc) T-^to$tL?>. c© 
^fl^^^c*5v^TttWt^-ll 7 ©«5ii)5i±5^^:^x-fes 

^^FnSo ^t^J'=Sri>^;i/P3 5 aSrJggftbfc^ (0 
7) ^ aaa^®3 6*sait:<5'^->-v;Hi3 5 a^'lC'f 
>?±A (ion— implantation) iCioT 
^CSrilbt KU 7 h«^4 0S:5ij^-r-i>J^ 
d-f:^>aAi^*fe{i^A (i on implant) 

^^pe^'feS^l7©v^-r^^Sffl^^■r4)^T5:li:*ST-g, —fig 
50 {C?±A-^;^^ (HI^-B-r) ^'&^T•^^?>„ ^^^)im3 
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[0 0 3 6] 

At^. '>A:?-'r b^-Y h% Sfeiiffe© I I I -V 

$^i|!4l^©v^r^^-c^)®#^c:«^5iT•#§o -jietc. sic 

*^3|s^lSB:^ l^tciSm* (high power) ffl^Jc 

^bT^ <t t)ffiv^5^>ffi^^;®fc»^3^lf^ uv^„ sic© 

D IM0SS7cttUM0S7=^MM:^lCj±i<-m{iv 

M (current-controlled) y^^^-i X 

■rixoaJi'5;^-Mg»IigS (gat e drive 
circuitry) 43 Jcti^-y— hSiJ^C&K)®;^:?-^^ 
(snubbers) *)'i;>Si: b^V^o MOS-^f— M^- 
I'U^iJ' («ajx.{SMCT. MTO) {Clt^bTs 2-5 

Ror^TttX-f 'y^>^3iJKCD2£J^llfe{i|= (t r ade-o 
f f) tl$)i>„ 

[0 0 3 7] *S i C/'^'7— h.'7>i^;J^^$'«±, IgVWB 
(2~5KV) . WSM (1 0~1 0 0 A) :feJ;VMV> 
y^>Vmm O2 0 0KHZ) :&0ix.fc7^>'W;^ 
^'i:>Si:-r2>ffl3^lc^^bTft#® (alternati 

V e ) s i c(D^m^ *) ^d^jfe ?)afc#^nfetitg^^« 

■rS. m:&\^<D H U 7 bfl^ott J; ^?;SV^5^^^;^«a43 
J;^;^i^ia»#:ft^gcD:f li/^t (real est 

ate) iznif^mnrntimm^mm-r^o uos^- 

^$|J»{iJ;!?Mv^ h7>^3>y<>^>X (trans 
conductance) HiiVi&U^tirz^—hV — 

^m^titzm^mio^v'm^h'^ (sic/sio^) ^ 

m. :fe=fcU^]SV^5^^^;^5SjK^(ii;tfcSfb<*»OES5^#$ 

[^S®1@m'&l5ia^] 

[01] giKW*Sfiiii'y-h>'W:iJ^-^ b^>i^;^^0 
[0 2] *^a^icti6ofeMJt^-h^w 5^-^ Vyy^J 
[03] *ll?§ti!e-3fc«6^^r-h;N-^7}?-^ h^Vi? 
[04] m2%tz\t.Z<D^>f-yn^if^-^y'7-yV 
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[05] 0 2*fc{i3©$gSy- I-^nWtK— ^ h^>i/ 
[06] 02Sfe{i3©*6J^y-b^t'i'xK-^ h^>i; 

^ o 

[0 7] 0 2*fctt3©«6iii'r-h.'NW^-7 

^ ^ Sflbo:?^^ t S i) SPgS^ b feWB 

10 0T-^.So 

[08] 0 2Sfe(i3©imi^y-h/ti'5l1-^ h7>i; 

[0 9] 02^fc{±3OMiSy-b/NM 7 h^>2^ 
:^ ^MjS-T S 5 -g. SPg^^s b few® 

[010] 02^fe{i3©«Sil:-5'-b^W;K-^ h^> 

®0T-feSo 

20 [01 1] 02*fc«43Oi^jS^''-h ;Jf-^ 

®0-r-fei)o 

[??F^©a5iB^] 

10 DMOSflgi^y— h-'^'f h^>i;y^^J' 

1 1 ^m^^w^ 

1 2 ft® 
13 31/^^ 

1 5 

1 6 teSSc«^ 
30 1 7 KU^hffi:^ 

1 8 y— ;^ 

19 ^ <y cJ' 

2 0 mmm 

2 1 ^jiy- h 

2 2 stef=--\':^;i/ 

3 0. 3 0' fgi^y-h/W5}f— 7 h^^i'^^^S' 
3 U 3 1' *«#»tR 

3 2. 3 2' ±a5ft® 
3 3s 3 3' 
40 3 4. 3 4' P-N-Pyt-T:^— 7 
3 5. 3 5' K-7"«3t 
35 a ctt^^S/-^';!/)! 
3 5b 

35 c :3it;<5':3rS/-\';i/Jl 
3 6. 3 6' llji^^^S^ 

3 7. 3 7' a® 

4 0. 4 0' KU7h«^ 
.4 1. 4 1' 

4 5. 4 5' ^2®miSt^-^i-;U 
50 4 6. 4 6' ffiA«:^ 
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4 7. 4 7' 

4 8. 4 8' ^ma 

5 0. 5 0' mmm 
5 5. 5 5' ^mm 

5 6 

5 6' s.m'^^^j^^ 
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7 0 ^X^T.^ 

7 1 r±A 

7 2 aAV7i^> 

7 3 

8 0 
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